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(57) ABSTRACT 

Method, apparatus, and system architecture for performing 
handovers between heterogeneous wireless networks. While 
receiving wireless service from a base station for a ?rst 

wireless network, a mobile subscriber station (MSS) device 
roams within range of one or more access points (APs) 

corresponding to a second wireless network. The MSS 
obtains parameters for each AP quantifying the wireless 
service available via that AP. The parameters are employed 
as inputs to a handover decision algorithm to determine if a 
handover of service from the ?rst wireless network to an AP 
for the second wireless network is to be performed. In one 
embodiment, the handover decision algorithm is effected via 
a fuZZy logic controller that is implemented via execution of 
software on the MSS. 
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METHOD, APPARATUS AND SYSTEM 
ARCHITECTURE FOR PERFORMING 

HANDOVERS BETWEEN HETEROGENEOUS 
WIRELESS NETWORKS 

FIELD OF THE INVENTION 

[0001] The ?eld of invention relates generally to wireless 
communication networks and, more speci?cally but not 
exclusively relates to a method, apparatus and system for 
performing handovers between heterogeneous wireless net 
works. 

BACKGROUND INFORMATION 

[0002] In recent years, network reach and ?exibility has 
been greatly enhanced through the development and deploy 
ment of wireless networks. Among the many different wire 
less protocols now available (e.g., Wi-Fi, Bluetooth, infra 
red, various cellular transmission schemes, WiMax, etc.), a 
large number of wireless networks deployed today employ 
wireless network components that operate under the IEEE 
(Institute for Electronic and Electrical Engineers) 802.11 
suite of standards. 

[0003] The most prevalent WLAN (wireless local area 
network) deployments, commonly referred to as “Wi-Fi” 
(wireless ?delity) networks, employ an air interface operat 
ing in the 2.4-gigahertZ (GHZ) (802.11b, 802.11g) or 5 GHZ 
(802.11a) frequency range. The original Wi-Fi standard was 
developed by the Wireless Ethernet Compatibility Alliance 
(WECA), and is based on the IEEE 802.11 speci?cation. The 
IEEE Standard provides support for three different kinds of 
PHY layers, which are an InfraRed (IR) baseband PHY, a 
frequency-hopping spread spectrum (FHSS) and a direct 
sequence spread spectrum (DSSS) PHY operating at either 
2.4 GHZ or 5 GHZ frequency band. For IEEE 802.11b, this 
results in a bandwidth of up to 11 megabits per second 
(Mb/s) when an appropriate signal strength is available. 
IEEE 802.11g de?nes a similar standard to Wi-Fi, with 
backward compatibility to 802.11b. However, 802.11g 
employs orthogonal frequency-division multiplexing 
(OFDM) rather than DSSS, and supports bandwidth up to 54 
Mb/ s. Enhanced implementations of 802.11g are asserted by 
their manufacturers to support transfer rates of up to 108 
Mb/ s. WLAN equipment employing the IEEE 802.11a stan 
dard has also been recently introduced. The 802.11a stan 
dard employs a 5 GHZ air interface using an OFDM carrier. 
For convenience, the terms IEEE 802.11, 802.11 and Wi-Fi 
are used interchangeably throughout this speci?cation to 
refer to the IEEE 802.11 suite of air interface standards. 

[0004] While Wi-Fi networks provide several advantages 
over wired networks and other short-range wireless trans 
mission schemes, they are somewhat limited in reach (i.e., 
coverage area). For example, a typical Wi-Fi network might 
have a reach of approximately 1000 feet or less, and 
sometimes much less if within a building or house having 
structure that adversely affects signal strength. While Wi-Fi 
networks can be extended using additional access points, the 
combined coverage area of a Wi-Fi network is still relatively 
limited. 

[0005] In view of this and other considerations, the IEEE 
has recently promulgated the IEEE 802.16 suite of air 
interface standards for combined ?xed, portable and Mobile 
Broadband Wireless Access (MBWA). Initially conceived as 

May 24, 2007 

a radio standard to enable cost-effective “last-mile” broad 
band connectivity to those not served by wired broadband 
such as cable or DSL, the speci?cations are evolving to 
target a broader market opportunity for mobile, high-speed 
broadband applications. The IEEE 802.16 Standard based 
architecture not only addresses the traditional “last mile” 
problem, but also supports nomadic and mobile clients on 
the go. The MBWA architecture is being standardized by the 
IEEE 802.16 Mobile Technical Working Group and the 
Worldwide Interoperability for Microwave Access 
(WiMAX) forum. The IEEE 802.16 suite of Standards 
typically operates at radio frequencies below 11 GHZ. For 
convenience, the terms IEEE 802.16, 802.16 and WiMAX 
are used interchangeably throughout this speci?cation to 
refer to the IEEE 802.16 suite of air-interface standards. 

[0006] It is contemplated that combination of WiMAX and 
Wi-Fi wireless networks may be deployed in which mobile 
coverage is provided for subscribers using a combination of 
WiMAX and Wi-Fi infrastructure. For example, while 
WiMAX networks provide greater reach the Wi-Fi net 
works, they sometimes may not work well within some 
buildings or proximate to certain terrain conditions (e.g., 
buildings, hills, etc.). As discussed above, the reach of Wi-Fi 
networks, in comparison to WiMAX networks, is relatively 
limited. Thus, it would be advantageous to have a “seam 
less” service network that would enable subscribers to move 
within combined WiMAX and Wi-Fi coverage areas without 
losing wireless service. Among other considerations, imple 
mentation of such a combination network necessitates some 
mechanism for determining under what conditions service 
handovers between associated WiMAX base stations and 
Wi-Fi network access points should occur, and how to effect 
such handovers. 

[0007] It is further contemplated that mobile devices will 
be developed that support service from other types of 
heterogeneous wireless networks, enabling such mobile 
devices to switch services between such wireless networks. 
For example, such mobile devices may support access to 
both WiMAX networks and cellular networks, or to both 
Wi-Fi networks and cellular networks. Still other mobile 
devices may support access to Wi-Fi networks, WiMAX 
networks, and cellular networks. Accordingly, there is a need 
for a mechanism for determining under what conditions 
handover of service between such heterogeneous wireless 
networks should occur. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The foregoing aspects and many of the attendant 
advantages of this invention will become more readily 
appreciated as the same becomes better understood by 
reference to the following detailed description, when taken 
in conjunction with the accompanying drawings, wherein 
like reference numerals refer to like parts throughout the 
various views unless otherwise speci?ed: 

[0009] FIG. 1 is a schematic diagram of an exemplary 
WiMAX network; 

[0010] FIG. 2 is a schematic diagram of an exemplary 
Wi-Fi network; 

[0011] FIG. 3 is a schematic diagram illustrating the 
coverage areas for the WiMAX network base stations of 
FIG. 1 and the Wi-Fi network access points of FIG. 2; 
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[0012] FIG. 4 is a ?owchart illustrating operations and 
logic performed during one embodiment of a handover 
decision process; 

[0013] FIG. 5 is a block diagram ofa fuZZy logic control 
ler used to implement a handover decision algorithm 
employed by the handover decision process of FIG. 4; 

[0014] FIG. 6 is ?owchart illustrating operating and logic 
employed in connection with implementing a handover 
decision algorithm via the fuZZy logic controller of FIG. 5; 

[0015] FIG. 7 is a schematic diagram of a combination of 
WiMAX and Wi-Fi infrastructure for illustrating exemplary 
handover processes between WiMAX and Wi-Fi networks; 
and 

[0016] FIG. 8 is a schematic diagram of an exemplary 
Mobile Subscriber Station (MSS) implemented on a host 
device comprising a notebook computer. 

DETAILED DESCRIPTION 

[0017] Embodiments of methods, apparatus, and system 
architectures for facilitating handovers between heteroge 
neous wireless networks are described herein. In the follow 
ing description, numerous speci?c details, such as exem 
plary handovers between WiMAX and Wi-Fi networks, are 
set forth to provide a thorough understanding of embodi 
ments of the invention. One skilled in the relevant art will 
recogniZe, however, that the invention can be practiced 
without one or more of the speci?c details, or with other 
methods, components, materials, etc. In other instances, 
well-known structures, materials, or operations are not 
shown or described in detail to avoid obscuring aspects of 
the invention. 

[0018] Reference throughout this speci?cation to “one 
embodiment” or “an embodiment” means that a particular 
feature, structure, or characteristic described in connection 
with the embodiment is included in at least one embodiment 
of the present invention. Thus, the appearances of the 
phrases “in one embodiment” or “in an embodiment” in 
various places throughout this speci?cation are not neces 
sarily all referring to the same embodiment. Furthermore, 
the particular features, structures, or characteristics may be 
combined in any suitable manner in one or more embodi 
ments. 

[0019] In accordance with aspects of the embodiments 
now described, novel techniques are disclosed for effecting 
handovers between heterogeneous wireless networks. As 
used herein, heterogenous wireless networks mean wireless 
networks that employ different physical signaling schemes 
and/or protocols via separate network infrastructure. For 
example, WiMAX and Wi-Fi wireless networks use different 
signaling at the physical and media access layers, and each 
network requires is own set of network infrastructure. Simi 
larly, cellular networks use different signaling and protocols 
than WiMAX and Wi-Fi networks, and have their own set of 
infrastructure. In addition to the handover schemes, mecha 
nisms for implementing the schemes within mobile sub 
scriber stations (MSSs) are also disclosed. 

[0020] In order to more clearly understand principles and 
aspects of the inventive handover process, embodiments are 
presented below involving handovers between WiMAX and 
Wi-Fi networks. However, it will be understood that similar 
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principles and techniques may be employed for handovers 
between WiMAX networks and cellular networks, and 
between Wi-Fi networks and cellular networks. 

Exemplary WiMAX Infrastructure 

[0021] FIG. 1 shows a simpli?ed exemplary WiMAX 
broadband wireless network with point-to-multipoint (PMP) 
cellular-like architecture for operation at both licensed and 
licensed-exempt frequency bands typically below 11 GHZ. 
Other types of architectures (not shown) such as mesh 
broadband wireless networks are permissible. An IP (Inter 
net Protocol) backbone network 100 including multiple 
network elements 101 (e.g., backbone switches and routers) 
is connected to a WiMAX broadband wireless network using 
radio access nodes (RANs), represented by RANs 102A-C. 
Each RAN is connected via a wired link such as an optical 
?ber (depicted as optical ?ber links 103A, 103B and 103C) 
or point-to-point wireless link (not shown) to one or more 
radio cells (depicted between RAN 102A or 102B to radio 
cells 104A, 104B, and 104C). At the hub ofa radio cell is 
a respective Base station (BS) 106A, 106B, and 106C. A 
Base Station system includes an advanced antenna system 
(AAS), which is typically located on top of a radio tower and 
is used to transmit high-speed data to multiple subscriber 
stations (SSs) 108 and mobile subscriber stations (MSSs) 
109 and receive data from the subscriber stations via uni 
directional wireless links 110 (each SS uplink transmission 
is independent on the others). More particularly, each SS 108 
and MSS 109 can access network 100 (via an appropriate 
BS) using the PHY+MAC (Physical+Media Access Control) 
layer features de?ned by the IEEE P802.16 air-interface 
standard. An SS may correspond to a ?xed subscriber 
location (e.g., in a home or of?ce), or may correspond to a 
mobile subscriber who might access the broadband wireless 
network via a mobile device (MSS) such as a personal 
digital assistant (PDA), laptop computer, etc. A ?xed SS 
typically uses a directional antenna while an MSS usually 
uses an omni-directional antenna. 

[0022] Transmission of data bursts from network 100 to an 
SS 108 proceeds in the following manner. (It is noted that a 
similar process is used for MSSs 109.) The data bursts such 
as IP packets or Ethernet frames are encapsulated in IEEE 
802.16 data frame format and forwarded from an appropriate 
RAN to an appropriate BS within a given cell. The BS then 
transmits non-line-of-sight (N LOS) data to each SS 108 
using a unidirectional wireless link 110, which is referred to 
as a “downlink.” Transmission of data from an SS 108 to 
network 100 proceeds in the reverse direction. In this case, 
the encapsulated data is transmitted from an SS to an 
appropriate BS using a unidirectional wireless link referred 
to as an “uplink.” The data packets are then forwarded to an 
appropriate RAN, converted to IP Packets or Ethernet 
frames, and transmitted henceforth to a destination node in 
network 100. Data bursts can be transmitted using either 
Frequency-Division-Duplexing (FDD) or Time-Division 
Duplexing (TDD) schemes. In the TDD scheme, both the 
uplink and downlink share the same RF channel, but do not 
transmit simultaneously, and in the FDD scheme, the uplink 
and downlink operate on different RF channels, but the 
channels are transmitted simultaneously. 

[0023] Multiple BSs are con?gured to form a cellular-like 
wireless network. A network that utiliZes a shared medium 
requires a mechanism to ef?ciently share it. Within each cell, 
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the Wireless network architecture is a tWo-Way PMP, Which 
is a good example of a shared medium; here the medium is 
the space (air) through Which the radio Waves propagate. 
The doWnlink, from the base station (BS) to an SS, operates 
on a PMP basis. Provisions Within the IEEE 802.16 standard 
include a central BS With AAS Within each cell. Such an 
AAS includes a sectoriZed antenna that is capable of han 
dling multiple independent sectors simultaneously. Under 
this type of con?guration, the operations of base stations 
described beloW may be implemented for each of the 
independent sectors, such that multiple co-located base 
stations With multiple sector antennas sharing a common 
controller may be employed in the netWork. Within a given 
frequency channel and antenna sector, all stations receive 
the same transmission, or parts thereof. 

[0024] In the other direction, the subscriber stations share 
the uplink to the BS on a demand basis. Depending on the 
class of service utiliZed, the SS may be issued continuing 
rights to transmit, or the right to transmit may be granted by 
the BS after receipt of a request from an SS. In addition to 
individually-addressed messages, messages may also be sent 
on multicast connections (control messages and video dis 
tribution are examples of multicast applications) as Well as 
broadcast to all stations. Within each sector, users adhere to 
a transmission protocol that controls contention betWeen 
users and enables the service to be tailored to the delay and 
bandWidth requirements of each user application. 

[0025] To support station-side operations, each SS or MSS 
provides an appropriate WiMAX interface, such as depicted 
by a PCMCIA WiMAX card 112 for a notebook computer or 
a WiMAX peripheral expansion card 114 for a desktop 
computer. Optionally, the WiMAX Wireless interface may be 
built-in the SS or MSS. 

[0026] Access to a WiMAX netWork Will generally be via 
some form a subscription service offered by a WiMAX 
service provider. As such, the various WiMAX RANs 
102A-C are depicted as being coupled to and managed by a 
WiMAX service provider netWork 116, further details of 
Which are discussed beloW. It Will be understood that the 
coupling betWeen a given RAN and WiMAX service pro 
vider netWork 116 may be via a dedicated link (e.g., private 
trunk or the like), or through another communication means, 
such as via IP backbone netWork 100. 

Exemplary Wi-Fi Infrastructure 

[0027] A typical 802.11 Wi-Fi WLAN deployment is 
shoWn in FIG. 2, Wherein each of three base stations 
comprising Wireless access points (APs) 200A, 200B, and 
200C provide WLAN connectivity to various Wi-Fi stations 
Within respective coverage areas 202A, 202B, and 202C. 
(As With WiMAX netWorks, Wi-Fi netWorks employ base 
stations to provide service to Wi-Fi clients Within the 
coverage area of the base stations; hoWever, such base 
stations are commonly referred to as Wireless access points 
(APs). Accordingly, With respect to Wi-Fi netWorks, the 
terms “base station” and “access point” are used inter 
changeably.) Each of Wireless APs 200A-C is linked to a 
sWitch/router 204 via a respective Ethernet (IEEE 802.3) 
link 206A-C. In general, sWitch 204 is representative of 
various types of sWitches and routers present in a typical 
LAN, WLAN (Wide LAN) or MAN (Metropolitan Area 
NetWork) that employs Wireless APs to extend their netWork 
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reach. In some cases, the sWitching/routing operations may 
be facilitated via a netWork server 208 that runs softWare to 
manage the WLAN. 

[0028] Each Wireless AP 200A-C provides WLAN service 
to stations Within its coverage area using Wireless signals 
and protocols de?ned by the applicable air interface (typi 
cally 802.11a, b, and/or g) employed for the WLAN. (For 
illustrative purposes, each coverage area is shoWn in a 
circular shape, although in practice, the actual shape of a 
particular coverage area Will generally vary based on various 
obstacles and signal interference from external sources. 
Additionally, each of coverage areas 202A-C is shoWn to not 
overlap any other coverage area. Again, this is for illustra 
tive purposes, as WLAN coverage areas often overlap.) 
Exemplary WLAN stations depicted in FIG. 2 include 
notebook computers 212, desktop computers 214, and hand 
held Wireless devices 216 (e.g., personal digital assistants 
(PDAs), pocket PCs, cellular phones supporting 802.11 
links, etc.). 

[0029] To support station-side operations, each station 
provides an appropriate Wi-Fi interface, such as depicted by 
a PCMCIA Wi-Fi card 218 for a notebook computer or a 
Wi-Fi peripheral expansion card 220 for a desktop computer. 
Optionally, the Wi-Fi Wireless interface may be built-in, 
such as is the case With notebooks employing Intel’s Cen 
trino® chipset. Similarly, Wireless handheld devices Will 
provide built-in Wi-Fi interfaces. 

[0030] A Wireless AP provides a basic and extended ser 
vice set to one or more stations that communicate With the 
AP. The AP facilitates and coordinates communication and 
channel access betWeen stations, and provides an access 
mechanism for the stations to access various land-based 
netWorks via sWitch 204, such as depicted by enterprise 
netWork 222 and IP backbone 224. Stations authenticated 
and associated With an AP typically do not operate in a 
peer-to-peer mode4communication from one station to 
another is routed through the AP. Thus, the AP serves as a 
relay station and netWork controller for data traf?c betWeen 
stations Within its coverage area by providing a routing 
function on the WLAN side. Furthermore, an AP provides 
another routing function pertaining to the routing of doWn 
link tra?ic originating from an upstream netWork (such as 
enterprise netWork 220 and IP backbone 100, as Well as 
traffic originating from other APs) and destined for a WLAN 
station served by the AP. 

[0031] Depending on the particular implementation, Wi-Fi 
netWorks are typically connected to IP backbone 100 via an 
Internet Service Provider (ISP) 226 or facilities provided by 
a host netWork, such as enterprise netWork 220. For 
example, in a home deployment, a Wi-Fi WLAN Will 
typically be connected to the Internet via the use of a cable 
or DSL (Digital Subscription Line) modem, Which in turn is 
connected to ISP facilities hosted by a cable data service 
provider or ISP. In other instances, an enterprise netWork 
operator may lease a line or multiple lines that are connected 
either directly to the IP backbone or via an appropriate 
gateWay. MeanWhile, access to a Wi-Fi netWork is generally 
managed via either a host netWork (Wherein the Wi-Fi 
netWork is a sub-net of the host domain), a stand-alone 
netWork managed by a LAN server or the like (e.g., netWork 
server 208), or via management measures built into the 
Wi-Fi APs themselves. For example, many Wi-Fi AP’s 
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provide built-in routers that support the capability of allo 
cating IP addresses using DHCP (Dynamic Host Control 
Protocol). Wi-Fi APs generally also provide security mea 
sures to prevent unauthorized access, such as shared or 
rotating keys. 
[0032] Each of FIGS. 1 and 2 further shoW netWork 
infrastructure for facilitating an exemplary use case in Which 
handover betWeen Wi-Fi and WiMAX netWorks might be 
employed. In this example, the use case is using Voice over 
IP (VoIP), also referred to as Internet Telephony. In brief, 
VoIP facilities enable phone calls to be carried over Internet 
infrastructure using a packetiZed transport. For illustrative 
purposes, the VoIP facilities depicted in FIGS. 1 and 2 are 
represented a VoIP provider netWork 118, a telecommuni 
cations (telco) netWork 120, and a telephone 121. As dis 
cussed above, embodiments are described herein to facilitate 
handover of Wireless services from WiMAX netWorks to 
Wi-Fi netWorks and vice-versa. In the context of stand-alone 
Wi-Fi and WiMAX netWorks and combined Wi-Fi and 
WiMAX netWorks there are tWo types of handovers: intra 
radio and inter-radio. In intra-radio handover pertains to 
handover betWeen radios having the same type, such as 
handover betWeen WiMAX base stations for an MSS. An 
inter-radio handover, Which is the focus of the embodiments 
herein, applies to radio handover betWeen Wi-Fi and 
WiMAX netWorks for combined Wi-Fi and WiMAX ser 
vices. In the context of such combined Wi-Fi and WiMAX 
services, the same terminology of “mobile subscriber sta 
tions” (as also used in the WiMAX terminology) Will be 
used herein to refer to mobile user devices, such as laptop 
and notebook computers, PDAs, pocket PCs, etc. 

[0033] FIG. 3 illustrates the combined coverage areas of 
the WiMAX netWork of FIG. 1 and the Wi-Fi netWork of 
FIG. 2 When the netWorks are overlaid. As With the Wi-Fi AP 
coverage areas, the coverage areas (cells 104A-C) for 
respective base stations 106A-C are depicted as circles for 
simplicity. HoWever, the “footprint” (i.e., shape) of each 
WiMAX coverage area Will generally depend on the type of 
antenna (e.g., single sector, multiple sector or omni-direc 
tional) provided by the base station in combination With 
geographical and/or physical infrastructure considerations 
and the poWer of the radio signal. For example, although 
referred to as non-line-of-sight (NLOS), geographical ter 
rain such as mountains and trees, and public infrastructure 
such as large buildings may affect the Wireless signal propa 
gation, resulting in a reduced coverage area. The radio signal 
strength for WiMAX transmissions are also limited by the 
available RF spectrum for licensed and/or licensed-free 
operations. 
[0034] As illustrated in FIG. 3, there are some portions of 
coverage areas that overlap, While other portions are non 
overlapping. Thus, as a mobile subscriber station moves 
through various coverage areas, there Will be locations under 
Which the combined netWork service Will provide both 
Wi-Fi and WiMAX coverage, While in other areas only one 
type of service (Wi-Fi or WiMAX) Will be available. As 
such, to support mobile device “roaming,” there Will need to 
be some mechanism for sWitching betWeen Wi-Fi and 
WiMAX services. Furthermore, such a mechanism should 
be able to determine under What conditions it is advanta 
geous to sWitch from one service to the other. 

[0035] Examples of these situations are illustrated in FIG. 
3. At position “A”, an MSS 300 is Within a single coverage 
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area comprising the WiMAX cell 104B corresponding to 
Base Station 106B. At position “B”, MSS 300 is Within tWo 
coverage areas: AP 200B’s coverage area 202B and Base 
Station 106B’s cell 104B. At position “C”, MSS 300 returns 
to a single coverage area comprising WiMAX cell 104A 
corresponding to Base Station 106A. 

[0036] One type of handover illustrated in FIG. 3 is a 
required handover. Under a required handover, a handover 
must be performed from a ?rst type of netWork to a second 
type of netWork (i.e., from WiMAX to Wi-Fi or from Wi-Fi 
to WiMAX), otherWise there Will be a loss of connectivity 
as an MSS moves out of the coverage area of the ?rst 
network. For example, for illustrated purposes assume that 
MSS 300 is currently employing Wi-Fi service from AP 
200B at position “B”. As MSS 300 moves from position “B” 
to position “C”, it moves out of range of Wi-Fi AP 200B’s 
coverage area 202B. Accordingly, someWhere along the path 
from position “B” to “C” a handover betWeen Wi-Fi services 
provided by AP 200B and WiMAX services provided by 
base station 106A needs to be performed. 

[0037] In some cases, conditions for performing an 
“opportunistic” handover may occur. For example, there 
may be implementations that prioritized Wi-Fi services over 
WiMAX services When both services are available or other 
situations Where the service available from a Wi-Fi AP has 
higher QoS support than that currently provided by a 
WiMAX BS. Accordingly, as an MSS currently employing 
WiMAX service moves Within range of a Wi-Fi AP, a 
handover to the AP may be performed such that the higher 
QoS priority and/or better performing Wi-Fi service is used. 
Such a situation is depicted in FIG. 3 When MSS 300 moves 
betWeen position “A” and position “B”. 

[0038] In general, an MSS that operates in a combined 
WiMAX and Wi-Fi netWork Will need to provide Wireless 
facilities (i.e., Wireless interfaces) for communicating With 
both WiMAX Base Stations and Wi-Fi access points. For 
simplicity, such facilities are depicted as being provided by 
a combination Wi-Fi/WiMAX PCMCIA card 302 in FIG. 3 
and FIG. 7. It Will be understood that separate hardWare may 
be implemented in place of a combination card. Further 
more, it Will be understood that there are also softWare 
entities that are run on MSS 300 to facilitate Wi-Fi and 
WiMAX communication. For example, such components 
Will typically include operating system drivers or the like. 

Handover Decision 

[0039] A important part of performing the handover is the 
handover (HO) decision. In brief, the handover decision 
involves a determination of Whether to initiate a handover, 
and if so, When the handover is to occur. 

[0040] As an overvieW, reference is made to FIG. 4, Which 
shoWs general operations performed in connection With a 
handover decision for a handover from a WiMAX netWork 
to a Wi-Fi netWork. It is presumed at the start of this process 
that an MSS is currently being serviced by a WiMAX 
netWork. The handover decision making process begins at a 
block 400 With netWork discovery. The MSS Media Inde 
pendent Handover Function entity as de?ned in IEEE 
802.2l/D00.0l draft Standard (July, 2005) can discover and 
obtain netWork information existing Within a geographical 
area for different Wireless netWorks While receiving service 
from a current Wireless netWork. The netWork information 
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may include, for example, network type, network ID, chan 
nel information, security information, and MAC addresses 
for APs and base stations. Next, in a block 402, the MSS 
selects the network from among any available networks to 
which it needs to connect via a handover. In general, an MSS 
may determine which of the available wireless networks it 
needs to connect based on its speci?c requirements, such as 
QoS parameters, security, coverage area, etc. 

[0041] Once the speci?c network is selected, the MSS 
power management function can turn-on the corresponding 
radio. In this current example, the selected network com 
prises a Wi-Fi network. Accordingly, in a block 404, the 
MSS turns its Wi-Fi radio on and begins to receive IEEE 
802.11a/b/g signals from one or more Wi-Fi APs within its 
range. The Wi-Fi radio may be continuously scanning for 
Wi-Fi networks, or based on user/OS policies may be 
optimiZed for power saving and scan for network at appro 
priate time or when pre-de?ned events occur, e.g. lower 
signal quality on the other network. 

[0042] In a block 406, the MSS measures link layers 
parameters, such as received IEEE 802.11a/b/g Receive 
Signal Strength Indicator (RSSI) and the Carrier-to-Inter 
ference Noise Ratio (CINR) from all the Wi-Fi APs within 
its range to determine if the received signal(s) is/ are accept 
able to support corresponding applications on the MSS, such 
as high-speed Internet access, Internet Telephony, etc. Usu 
ally the MSS will associate with the 802.11 AP having the 
highest signal strength; however this does not, taken alone, 
provide an indication of better throughput, as there may be 
several other stations already employing that AP for wireless 
service (thus consuming a portion of the available band 
width and corresponding throughput for the AP). Under this 
situation, higher throughput might be obtained by using an 
AP with a lower signal strength that is servicing less traf?c. 
In some instances, such as in hotels, the MSS may be within 
range of several Wi-Fi networks, wherein a speci?c network 
needs to be selected. Meanwhile, in conjunction with per 
forming the signal strength measurement in block 406, the 
MSS also measures the received RSSI/CINR for the 
WiMAX Base Station currently providing its service, as 
depicted in a block 408. 

[0043] Besides employing the RSSI measurements from 
the various APs, the MSS uses additional parameters to 
make its handover decision, as depicted in a block 410. Such 
parameters may include but are not limited to the duty cycle 
of the channels the MSS receives to get an estimate of the 
available bandwidth on a particular channel, estimated 
throughput requirements for the MSS application(s), the 
packet error rate (PER) and/or bit error rate (BER) of the 
current channel, the power consumption level expected from 
a speci?c radio at a speci?c data rate, etc. Collectively, the 
signal strength and additional parameters are used to quan 
tify the wireless service available via an AP. 

[0044] In a block 412, these parameters, eg the measured 
RSSI values, the duty cycles of the channels, the throughput 
requirements, etc., are fed into an handover decision algo 
rithm (discussed below) to determine when to initiate the 
handover and to which Wi-Fi AP to handoif to. These 
variables are smoothed out over some time period to deter 
mine their trend in order to avoid unnecessary handolfs. 

[0045] As depicted by a decision block 414, if it is 
determined that it is advantageous to switch network service 

May 24, 2007 

from the WiMAX BS to an AP and the AP is known, then the 
process proceeds to a block 416 to perform the handover. If 
the determination of decision block 414 is NO, the process 
loops back to block 406, and the operations of blocks 406, 
408, 410, 412, and 414 are repeated during a next iteration 
of the process. 

[0046] In accordance with a YES answer to decision block 
414, the handover process is initiated in a block 416. While 
still connected to the WiMAX Base Station, the MSS 
authenticates and associates with the Wi-Fi AP to establish 
a link layer connection on the new network. This is known 
as a “make before break” procedure, wherein a new link 
layer connection is made with the AP before breaking 
(releasing) the existing connection with the WiMAX BS. 
Other schemes are also at the discretion of the MSS, which 
may decide to use “break before make” if it ?nds it appro 
priate for the type of tra?ic it is currently carrying. A 
network layer mobility solution, such as Mobile IP, Session 
Initiation Protocol, or a similar application layer scheme 
such as network connection management is then used to 
provide network layer connectivity, as discussed in further 
detail below. 

[0047] Once a speci?c Wi-Fi AP has been selected, the 
MSS could initiate a handover request based on some 
decision criteria. For example, the following lists three 
categories of decision algorithms; however, these are merely 
exemplary, and can be extended to others, as will be under 
stood by those skilled in the wireless communication arts. 
The categories include: 

[0048] A. Network conditions-based decision algo 
rithm. Based on network conditions, such as estimated 
available bandwidth, channel conditions and through 
put on a particular network, the handover algorithm 
selects the most appropriate network to handover to. 

[0049] B. User policy-based decision algorithm. The 
handover decision is based on a user pro?le, e.g. home 
vs. of?ce, free calling plan vs. cellular type of calling 
plan, time-of-day, power-consumption, etc. 

[0050] C. Time-decision algorithm. This algorithm 
determines the appropriate time for the MSS to initiate 
or request a handover. In general, the time-decision 
algorithm provides better performance than the net 
work condition-based algorithm. However, the time 
decision algorithm is more complex, since it must 
process a range of parameters with different importance 
level to the handover decision such as: 

[0051] 1. Link layer parameters (CINR, RSSI, etc.), 
packet error rate, bit error rate, etc.; 

[0052] 2. Channel duty cycle; 

[0053] 3. Required QoS parameters and length of 
session; 

[0054] 4. Handover rate for the current session; and 

[0055] 5. Network availability and coverage. 

[0056] In one embodiment, aspects of the time-decision 
handover algorithm are combined with the user policy 
algorithm to decide on the optimal time to initiate a han 
dover decision from a WiMAX BS to a Wi-Fi AP. (Note this 
approach may also be expandable to other combinations, 
such as combining aspects of the network conditions-based 
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algorithm.) Furthermore, in one embodiment, the aspects of 
the separate and combined algorithms are implemented 
using fuzzy logic. 

[0057] In further detail, “fuzzy” logic is an extension of 
Boolean logic dealing With the concept of partial truth. 
Fuzzy logic Was introduced in 1962 by Prof. Lot? Zadeh at 
the University of California, Berkeley. Whereas classical 
logic holds that everything (statements) can be expressed in 
binary terms (0 or 1, black or White, yes or no), fuzzy logic 
replaces boolean truth values With degrees of truth. These 
statement representations are in fact nearer to real-life 
human problems and statements, as truth and results are, in 
most of the time, partial (not binary) and/or imprecise (as in 
inaccurate, blurred, i.e., fuzzy). Fuzzy logic alloWs for set 
membership values betWeen and including 0 and l, shades 
of gray as Well as black and White, and in its linguistic form, 
imprecise concepts like “slightly”, “quite” and “very”. Spe 
ci?cally, it alloWs partial membership in a set. 

[0058] Fuzzy logic is often used in control systems and the 
like to generate control outputs based on a combined evalu 
ation of multiple inputs that are quanti?ed using associated 
fuzzy subsets (commonly referred to as “fuzzy sets”). Such 
uses include self-focusing cameras, Washing machines, 
automobile engine controls, anti-lock braking systems, sub 
Way and elevator control systems, and computer trading 
programs. Fuzzy logic enables problems to be logically 
modeled, rather than using analog-based techniques 
employed by classical control system theory. 

[0059] FIG. 5 shoWs one embodiment of fuzzy logic 
controller architecture for the handover decision algorithm 
comprising a combination of the time-decision and user 
policy handover algorithms. The architecture consists of ?ve 
key building blocks: a Fuzzi?er 500, Fuzzy Rules base 502, 
a Fuzzy Inference Engine (FIE) 504, a Defuzzi?er 506, and 
user policy 508. The various handover parameters (obtained 
above by the MSS) are applied as inputs to Fuzzi?er 500, 
Where they are mapped into fuzzy sets. Each fuzzy set 
indicates the “goodness” of a corresponding parameter. 
These fuzzy sets are passed to FIE 504, Where a set of fuzzy 
rules is applied to the inputs to determine if the handover 
should occur at this time. The Defuzzi?er 506 compares the 
tWo outcome values from FIE 504 using some-kind of 
adaptive threshold to decide Whether to initiate a handover 
at this time. In one embodiment, an adaptive threshold in 
Defuzzi?er 506 adjusts the threshold level based on changes 
in the input parameters and past history to effect an ef?cient 
handover. If the ansWer is YES, a trigger is set to a policy 
decision engine, Where the policy rules de?ned in user 
pro?le 508 specify hoW a speci?c netWork should handle a 
handover event. 

[0060] Fuzzy logic usually uses IF/THEN rules, or con 
structs that are equivalent, such as fuzzy associative matri 
ces. Rules are typically expressed in the form: 

[0061] 
[0062] In one embodiment, the fuzzy sets are set accord 
ing to the folloWing example. Let’s de?ne a fuzzy set 
STRONG using a membership function based on the (M)SS 
receiver RSSIi(As discussed above, the input parameters 
are smoothed out prior to being fed into the decision 
algorithm): 

IF variable IS set THEN action 
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STRONG(x) = {0, if RSSI(x) < -40 dBm, 
(RSSI(x) + 40 dBm), if -40 dBm <RSSI(x) 2 0 
1, if RSSI(x) > 0} 

Thus, the degree that the RSSI received at an (M)SS is 
strong is de?ned by the fuzzy set STRONG. 

[0063] Similarly, let’s de?ne a fuzzy set GOOD_Signal 
using a membership function based on the (M)SS receiver 
CINR: 

GOODiSignal(x) = {0, if CINR(x) < 26.2 dB for 
l6-QAM % modulation 
if 26.2 dB < CINR 2 40 dB for 
l6-QAM 3%: modulation 

1, if CINR(x) > 40 dB for 
l6-QAM % modulation} 

CINR — 26.2 dB, 

[0064] We have de?ned tWo fuzzy sets, namely STRONG 
and GOOD_Signal for the (M)SS receiver RSSI and CINR, 
respectively. A simple fuzzy rule can be Written as folloWs: 

[0065] A=X is STRONG and X is GOOD_Signal 

Where the “and” statement is interpreted according to: 

[0066] truth(x and y)=minimum(truth(x), truth(y)) 

Other fuzzy sets can be easily de?ned for other input 
parameters in a similar manner, and additional fuzzy rules 
can be applied based on user pro?le and netWork availabil 

[0067] FIG. 6 shoWs, for example, operations and logic for 
a time-decision handover algorithm that can be implemented 
in an MSS using the fuzzy logic controller of FIG. 5. During 
an initialization operation or the like, pre-de?ned fuzzy sets 
are loaded into the controller in the MSS, as depicted in a 
block 600. In a block 602, the MSS performs real-time 
acquisition of the relevant handover parameters used to 
quantify the available Wireless service, such as RSSI, PER, 
BER, QoS, netWork availability, etc., Which are mapped into 
the pre-de?ned fuzzy sets. Then, in a block 604, the MSS 
controller applies the fuzzy rules to determine if it is OK. to 
proceed to a handover decision. An MSS fuzzy rule might 
be, for example, if the PER is above X % and the RSSI is 
beloW Y % then update the received input parameters and 
select another netWork or AP. As depicted by decision blocks 
606 and 608, if the handover decision is YES, a check is 
made to determine if the handover decision is in agreement 
With the end-user’s pro?le, operating system policies, etc. as 
de?ned by the end-user or netWork operator. If they are in 
agreement, the handover is initiated in a block 610. If the 
ansWer to either decision block 606 or 608 is NO, the 
process loops back to block 602, and the operations of 
blocks 602, 604, 606, and 608 are repeated during a next 
iteration. 

[0068] Another aspect of a handover concerns the context 
to be maintained across the handover (i.e., before, during, 
and after the handover process). Generally, there are tWo 
types of contexts for Which a handover is performed. The 
?rst is a connection context, Wherein it is required to 
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maintain a connection across the handover. For example, 
this situation might occur if an MSS Was being used for a 
voice telephony call4one needs to maintain the call con 
nection (and thus the corresponding connection context) 
throughout the handover. The second type of handover 
context pertains to a connectionless context. In this situation, 
there is no connection (per se) established, and thus no 
connection context to maintain during the handover. An 
example of this situation occurs When an MSS is being used 
to access the Internet for interactive Web usage (e.g., Web 
sur?ng). 

[0069] To facilitate a connection context during a han 
dover across combined Wi-Fi and WiMAX services, there 
needs to be some infrastructure and associated communica 
tion (e.g., messaging) to “share” management of the con 
nection context on a per-connection basis. For example, 
under the examples of FIG. 1 and FIG. 2, each of the 
exemplary WiMAX and Wi-Fi netWorks Were con?gured as 
discreet (i.e., independent) netWorks. HoWever, in order to 
support seamless service, there needs to be some level of 
coordination betWeen various infrastructure elements for the 
respective netWorks. 

[0070] One aspect that distinguishes WiMAX netWorks 
from Wi-Fi netWorks is service provisioning. To enable 
end-user access to a WiMAX netWork, the user’s (M)SS and 
service ?oWs (i.e., unidirectional How of MAC service data 
units on a connection With a particular quality of service 
(QoS)) must be provisioned. Unlike the limited QoS support 
provided by the more simplistic Wi-Fi netWorks, WiMAX’s 
IEEE 802.16-based netWork architecture supports a rich set 
of QoS features. Furthermore, WiMAX netWorks employ a 
more sophisticated Wireless air-interface (than does Wi-Fi) 
that supports “true” QoS services, and thus requires more 
complex service provisioning considerations. 

[0071] More speci?cally, WiMAX is based on centraliZed 
control architecture, Where the scheduler in a given BS has 
complete control of the Wireless media access among all 
SS’s and MSS’s that are currently using that BS for netWork 
access. WiMAX-based netWork architecture can simulta 
neously support multiple Wireless connections that are char 
acteriZed With a complete set of QoS parameters. Moreover, 
this architecture provides the packet classi?er to map these 
connections With various user applications and interfaces, 
ranging from Ethernet, TDM (Time-Division Multiplexing), 
ATM (Asynchronous Transfer Mode), IP (Internet Protocol), 
VLAN (Virtual Local Area Network), etc. HoWever, the rich 
feature set and ?exibility in WiMAX also increases the 
complexity in the service deployment and provisioning for 
?xed and mobile broadband Wireless access netWorks. 

[0072] FIG. 7 shoWs one embodiment of a netWork infra 
structure 400 including combined aspects of the WiMAX 
netWork of FIG. 1 and the Wi-Fi netWork of FIG. 2, Wherein 
like-numbered components perform similar functions. 
Under the embodiment illustrated in FIG. 7, WiMAX net 
Work management operations are facilitated by deploying 
WiMAX base stations as managed nodes. This may be 
deployed through use of a facilities de?ned by a manage 
ment reference model for a WiMAX Broadband Wireless 
Access (BWA) netWork. The management reference model 
includes a Network Management System (NMS) 702, man 
aged base station nodes (depicted as managed nodes 704A 
and 704B for base stations 106A and 106B), and a Service 
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FloW Database 706 hosted by a database server 708. The 
NMS 702 and Service FloW Database 706 are linked in 
communication to the WiMAX netWork’s base stations via 
applicable netWork infrastructure, such as illustrate in FIG. 
7. It is noted that other communication infrastructure also 
may also be employed. 

[0073] In one embodiment, the BS managed nodes collect 
and store managed objects in an 802.16 Management Infor 
mation Base (MIB) format, as depicted by MIB instances 
710 and 712. In one embodiment, managed objects are made 
available to NMSs (e.g., NMS 402) using the Simple Net 
Work Management Protocol (SNMP) as speci?ed by IETF 
RFC (request for comments) 1157. In further detail, man 
aged node aspects of base stations are typically performed 
locally or remotely for a given base station using corre 
sponding computer hardWare or the like, such as depicted by 
base station servers 714A and 714B in FIG. 4. 

[0074] Unlike a WiMAX netWork, most Wi-Fi netWorks 
are stand-alone, either for netWorks having just a single AP 
node (e.g., home Wi-Fi netWork), or multiple AP nodes (e. g., 
an enterprise netWork). This creates a dilemma With respect 
to shared access to combined Wi-Fi and WiMAX infrastruc 
ture. More speci?cally, the netWork layer connection for 
each of the WiMAX and Wi-Fi netWorks typically Will 
employ tWo different IP addresses for the same MSS. Thus, 
during a handover, data that is currently being routed to a 
?rst IP address (e.g., the IP address for the MSS as assigned 
by the WiMAX netWork) needs to be rerouted to a second IP 
address (e.g., the IP address for the MSS as assigned by a 
Wi-Fi netWork). 

[0075] There are tWo basic options for addressing this 
problem. As a ?rst option, the WiMAX and Wi-Fi netWorks 
may be deployed as a combination netWork that is centrally 
managed, Wherein a central authority or the like (e.g., a 
service provider) is employed for managing the various 
subscribers. This is someWhat akin to the approach used by 
a cellular service provider. (It is noted that a centrally 
managed scheme does not imply that all management opera 
tions are implemented at a single central facility, but rather 
the management operations and decisions are performed 
under the direction of a central authority.) The second option 
employs a more distributed approach. Under this scheme, 
decisions and operations are managed by distributed ele 
ments that may or may not be directed by a single central 
authority. These include decisions made by agents or the like 
running on a mobile device. FIG. 7 further illustrates 
examples of tWo distributed approaches, including a Mobile 
IP (MIP implementation) and a Session Initiation Protocol 
(SIP) implementation. 
[0076] The Internet Protocol (IP) Was originally designed 
to interconnect heterogeneous Wired netWorks. This prop 
erty of IP to integrate netWorks, is inherited by its Mobile IP 
(MIP) extension that focuses on mobile environments. 
Originally, MIP Was designed as a solution to the problem of 
node portability. HoWever, further extensions to MIP and 
existing research have indicated that MIP can also provide 
mobility support. 

[0077] MIP introduces three neW netWork entities, namely 
the Home Agent (HA), Foreign Agent (FA) and Mobile 
Node (MN). Every Mobile Node (an MSS in the present 
implementation) is permanently allocated an IP address in its 
Home NetWork. In turn, the Home NetWork hosts a Home 
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Agent. More speci?cally, a Home Agent is de?ned as a 
router With at least one interface on the Mobile Node’ s home 
link. Every time that a Mobile Node moves so that it is 
connected via a neW connection, it is required to register its 
current point of attachment (POA) to the netWork (e.g., 
Internet) With the Home Agent. For each registered Mobile 
Node, the Home Agent acts as a proxy in the home netWork, 
intercepting incoming traf?c and redirecting it through 
packet encapsulation (i.e., tunneling the incoming tra?ic) to 
the Mobile Node’s most recently registered location (also 
referred to as its care-of-address (CoA) for MIPv6). Through 
registering its neW location With the Home Agent, it enables 
the redirection of tra?ic from various Content Provider (CP) 
to the Mobile Node. CPs are also knoWn in Mobile IP as 
Correspondent Nodes (CNs). For MIP, the underlying net 
Work platform that provides the IP service is transparent. As 
such, the problem of integrating heterogeneous netWork 
platforms that can support Internet services is reduced to a 
matter of routing. 

[0078] A Foreign Agent comprises a router on a foreign 
link that assists the Mobile Node in informing its Home 
Agent of its current CoA. A Foreign agent sometimes 
provides a COA and de-tunnels packets for the Mobile 
Node. It also may act as the default router for packets 
generated by the Mobile Node While connected to this 
foreign link. 

[0079] To facilitate MIP operations, corresponding soft 
Ware entities are deployed for each of the Mobile Node, 
Home Agent, and Foreign Agent. As illustrated in FIG. 7, 
these include a MIP Home Agent 716 running on host 
computer (not shoWn) in a home netWork 718. Additionally, 
an MIP Foreign Agent 720 is run on server 702, and a MIP 
client 722 is run on MSS 300, Which operates as the Mobile 
Node. In one embodiment, functionality for MIP client 722 
is built into a broWser running on MSS 300. In one embodi 
ment, an MIP Agent is hosted by the WiMAX service 
provider. 

[0080] Suppose that an operator of MSS 300 Wishes to 
place a call to telephone 122 via VoIP provider 118, Which 
comprises the MIB Content Provider in this example. Rather 
than contact the VoIP provider directly, the call request is 
issued via MIP Home Agent 716, Which acts as a proxy for 
MSS 300. The result of this is that it appears to VoIP 
provider 118 that MIP Home Agent 716 is placing the call 
request, and thus the call request is being made by an 
endpoint having a ?xed IP address. MeanWhile, as MSS 
moves to different POAs (such as from WiMAX BS 106B at 
position “A” to AP 200B at position “B”), its current IP 
address (its CoA) changes. These changes are handled by 
MIP Home Agent 716 and MIP client 722 in a manner that 
is transparent to VoIP provider 118. 

[0081] In another embodiment, softWare and netWork enti 
ties for facilitating the Session Initiation Protocol (SIP) are 
employed. The Session Initiation Protocol Works in concert 
With various protocols that are employed to carry various 
forms of real-time multimedia session data, such as voice, 
video, and text messages protocols by enabling Internet 
endpoints (called user agents) to discover one another and to 
agree on a characteriZation of a session they Would like to 
share. For locating prospective session participants, and for 
other functions, SIP enables the creation of an infrastructure 
of netWork hosts (called proxy servers) to Which user agents 
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can send registrations, invitations to sessions, and other 
requests. SIP is an agile, general-purpose tool for creating, 
modifying, and terminating sessions that Works indepen 
dently of underlying transport protocols and Without depen 
dency on the type of session that is being established. 

[0082] SIP is an application-layer control protocol that can 
establish, modify, and terminate multimedia sessions (con 
ferences) such as Internet telephony calls. Additionally, SIP 
transparently supports name mapping and redirection ser 
vices, Which supports personal mobilityiusers can main 
tain a single externally visible identi?er regardless of their 
netWork location. 

[0083] As depicted in FIG. 7, an SIP session in imple 
mented via an SIP server 724 residing in a netWork 726 and 
a SIP client 728 running on MSS 300. In general, the SIP 
server functions in a manner similar to an MIP Home Agent, 
Wherein from the vieWpoint of the content provider (e.g., 
VoIP Provider 718 in the illustrated example), content is 
being provided to SIP server 724 rather than MSS 300. As 
MSS 300 changes its netWork attachment point, SIP client 
728 updates its current IP address. Accordingly, SIP server 
724 functions as a proxy to MSS 300 by redirecting packets 
to the current IP address for MSS 300. 

Exemplary MSS Architecture 

[0084] FIG. 8 shoWs one embodiment of an MSS imple 
mented via a host notebook computer 800. It Will be 
understood that this is merely exemplary of various types of 
host devices that may be employed for an MSS, such as but 
not limited to notebook computers, hand-held computers 
(e.g., pocket PCs), PDA, cellular telephones, etc. Notebook 
computer includes a chassis in Which various components 
are installed, including a main board 802 on Which a 
processor 804 and memory 806 are installed. A keyboard 
807 is mounted on the chassis and coupled to main board 
802 to enable data entry and the like. Also housed Within the 
chassis are several peripheral components, including a disk 
drive 808, a CD-ROM or combination CD-ROM/DVD 
ROM 810 and an optional ?oppy drive 812. The main board 
also includes circuitry (e.g., a graphics chip) for driving a 
display 814 coupled to the chassis. The various circuit 
components are poWered via a poWer conditioner 816 (When 
the notebook is plugged into an AC outlet) and a battery 818 
(When mobile). 
[0085] As discussed above, the Wireless facilities (i.e., 
interfaces) provided by an MSS may be implemented via 
built-in circuitry, add-on cards, or a combination of the tWo. 
In the illustrated embodiment, a combination Wi-Fi/ 
WiMAX PCMCIA card 320 provides this functionality. In 
other con?gurations, each of the Wi-Fi and WiMAX Wire 
less interfaces may be provided on separate PCMCIA cards, 
or appropriate circuitry for facilitating at least one Wi-Fi or 
WiMAX interface may be built into notebook computer 800. 

[0086] As also discussed above, various operations of the 
embodiments herein are facilitated via corresponding soft 
Ware entities running on various hosts in the netWorks. Thus, 
embodiments of this invention may be used as or to support 
softWare instructions executed upon some form of process 
ing core or otherWise implemented or realiZed upon or 
Within a machine-readable medium. A machine-readable 
medium includes any mechanism for storing or transmitting 
information in a form readable by a machine (e.g., a com 
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puter). For example, a machine-readable medium can 
include a read only memory (ROM); a random access 
memory (RAM); a magnetic disk storage media; an optical 
storage media; and a ?ash memory device, etc. In addition, 
a machine-readable medium can include propagated signals 
such as electrical, optical, acoustical or other form of 
propagated signals (e.g., carrier Waves, infrared signals, 
digital signals, etc.). 
[0087] The above description of illustrated embodiments 
of the invention, including What is described in the Abstract, 
is not intended to be exhaustive or to limit the invention to 
the precise forms disclosed. While speci?c embodiments of, 
and examples for, the invention are described herein for 
illustrative purposes, various equivalent modi?cations are 
possible Within the scope of the invention, as those skilled 
in the relevant art Will recogniZe. 

[0088] These modi?cations can be made to the invention 
in light of the above detailed description. The terms used in 
the folloWing claims should not be construed to limit the 
invention to the speci?c embodiments disclosed in the 
speci?cation and the draWings. Rather, the scope of the 
invention is to be determined entirely by the folloWing 
claims, Which are to be construed in accordance With estab 
lished doctrines of claim interpretation. 

What is claimed is: 
1. A method comprising: 

receiving, at a mobile subscriber station (MSS), Wireless 
service from a ?rst Wireless network; 

detecting the MSS is Within range of at least one base 
station for a second Wireless netWork; 

for each of the at least one base station, obtaining param 
eters quantifying the Wireless service available via that 
base station; and 

employing the parameters in a handover decision algo 
rithm to determine if a handover of service from the 
?rst Wireless netWork to the second Wireless netWork is 
to be performed. 

2. The method of claim 1, Wherein the handover decision 
algorithm is implemented via the use of a fuZZy logic 
controller that employs the parameters that are obtained as 
inputs. 

3. The method of claim 1, Wherein the parameters include 
at least one of: 

a Receive Signal Strength Indicator (RSSI); 

a Carrier-to-Interference Noise Ratio (CINR); 

a packet error rate (PER); 

a bit error rate (BER); and 

a throughput rate. 
4. The method of claim 1, Wherein the handover decision 

algorithm comprises a netWork conditions-based algorithm 
under Which the handover decision algorithm selects a most 
appropriate netWork to handover to or remain With based on 
netWork conditions for each of the ?rst and second Wireless 
netWorks. 

5. The method of claim 1, Wherein the handover decision 
algorithm comprises a user-policy-based algorithm under 
Which the handover decision is based on a user pro?le for a 
user associated With the MSS. 
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6. The method of claim 1, Wherein the handover decision 
algorithm comprises a time-decision algorithm under Which 
the algorithm determines an appropriate time for an MSS to 
initiate or request a handover. 

7. The method of claim 1, Wherein the handover decision 
algorithm comprises a combination of a time-decision algo 
rithm under Which the algorithm determines a time for an 
MSS to initiate or request a handover and a user policy 
based algorithm under Which the handover decision is based 
on a user pro?le of a user associated With the MSS. 

8. The method of claim 1, further comprising: 

performing a handover from the ?rst Wireless netWork to 
the second Wireless netWork. 

9. The method of claim 8, Wherein the handover is a make 
before break handover under Which link-layer connectivity 
is established With the second netWork prior to releasing a 
connection With the ?rst netWork. 

10. The method of claim 8, Wherein a connection context 
is maintained across the handover. 

11. The method of claim 10, Wherein the connection 
context is maintained across the handover by employing 
Mobile Internet Protocol (MIB) facilities including an MIB 
client on the MSS. 

12. The method of claim 10, Wherein the connection 
context is maintained across the handover by employing 
Session Initiation Protocol (SIP) facilities including an SIP 
client on the MSS. 

13. The method of claim 1, Wherein the ?rst Wireless 
netWork comprises a WiMAX netWork, and the second 
Wireless netWork comprises a Wi-Fi netWork. 

14. The method of claim 1, Wherein one of the ?rst and 
second netWorks comprise a cellular netWork. 

15. A machine-readable medium to provide instructions to 
execute on a mobile subscriber station (MSS) to perform 
operations comprising: 

obtaining parameters quantifying Wireless service avail 
able via at least one access point (base station) the MSS 
comes Within range of While receiving Wireless service 
from a base station corresponding to a ?rst Wireless 
netWork, the at least one base station used to access a 
second Wireless netWork; and 

employing the parameters obtained for the at least one 
base station in a handover decision algorithm to deter 
mine if a handover of Wireless service from the base 
station to a base station is to be performed. 

16. The machine-readable medium of claim 15, Wherein 
execution of the instructions implement a fuZZy logic con 
troller that is used to effect the handover decision algorithm, 
and Wherein the parameters that are obtained for the at least 
one base station are provided as inputs to the fuZZy logic 
controller. 

17. The machine readable medium of claim 16, Wherein 
the fuZZy logic controller includes a user policy block that is 
implemented to consider further parameters contained in a 
user-pro?le for a user associated With the MSS in perform 
ing the handover decision. 

18. The machine readable medium of claim 15, Wherein 
the handover decision algorithm comprises a netWork con 
ditions-based algorithm under Which the handover decision 
algorithm selects a most appropriate Wireless netWork to 
handover to or remain With based on netWork conditions for 
each of the netWorks associated With the base station and 
that at least one base station. 
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19. The machine readable medium of claim 15, Wherein 
the handover decision algorithm comprises a time-decision 
algorithm under Which the algorithm determines an appro 
priate time for an MSS to initiate or request a handover. 

20. The machine readable medium of claim 15, Wherein 
the handover decision algorithm comprises a combination of 
a time-decision algorithm under Which the algorithm deter 
mines an appropriate time for an MSS to initiate or request 
a handover and a user policy-based algorithm under Which 
the handover decision is based on a user pro?le of a user 
associated With the MSS. 

21. An apparatus, comprising: 

a processor; 

a ?rst interface operatively coupled to the processor, to 
facilitate Wireless communications via a Wireless local 
area netWork (WLAN); 

a second interface operatively coupled to the processor, to 
facilitate Wireless communications via a Wireless 
broadband network; 

?rst and second omnidirectional antennas, respectively 
coupled to the ?rst and second interfaces; and. 

a storage device having instructions stored therein to 
perform operations When executed on the processor, 
comprising, 
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obtaining parameters quantifying Wireless service 
available from each of at least one WLAN base 
station the apparatus comes Within range of While 
receiving Wireless service from a Wireless broadband 
netWork base station; and 

employing the parameters obtained for the at least one 
WLAN based station in a handover decision algo 
rithm to determine if a handover of Wireless service 
from the WLAN base station to a Wireless broadband 
netWork base station is to be performed. 

22. The apparatus of claim 21, Wherein execution of the 
instructions one the processor implements a fuZZy logic 
controller that is used to effect the handover decision algo 
rithm, and Wherein the parameters that are obtained for the 
at least one WLAN base station are provided as inputs to the 
fuZZy logic controller. 

23. The apparatus of claim 22, Wherein the fuZZy logic 
controller effects a handover decision algorithm comprising 
a combination of a time-decision algorithm under Which the 
algorithm determines an appropriate time for a mobile 
subscriber station to initiate or request a handover and a user 
policy-based algorithm under Which the handover decision 
is based on a user pro?le of a user associated With the 

apparatus. 


